





















ing factors; EDRFs) と収縮因子 (endothelium-
derived contracting factors; EDCFs) のバランス異常
が報告されている｡ EDRF は､ 主に一酸化窒素 (nitric
oxide; NO)､ プロスタサイクリン (PGI2)､ 内皮由来過
分極因子 (endothelium-derived hyperpolarizing fac-
tor; EDHF) などがあり､ EDCF は PGE2､ PGF2､ PG
D2､ TXA2などのアラキドン酸代謝物､ endothelin-1な
どがあり､ これらが相互にクロストークして血管緊張性
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Fig. 1. Treatment with anti-platelet drugs has improved on
diabetic vascular dysfunction.The release of vasoactive me-
diators by platelets (left). Mechanisms underlying endothe-
lial dysfunction in mesenteric arteries in diabetic rats
(right). EC=endothelial cell, VSMC=vascular smooth mus-
cle cell, ATP=adenosine triphosphate, ADP=adenosine
diphosphate, 5-HT=5-hydroxytryptamine (serotonin), TXA2
= thromboxane A2, P2=purinergic receptor, 5-HT R= sero-
tonergic receptor, TP= thromboxane receptor, EDHF=endo-
thelium-derived hyperpolarizing factor, eNOS=endothelial
nitric oxide synthase, NO=nitric oxide, AA=arachidonic




細胞外 nucleotides (ATP､ UTP) は､ 活性血小板だ
けでなく内皮細胞から放出され､ 血管において内皮､ 平
滑筋細胞膜上の P2X (P2X1-P2X7)､ P2Y (P2Y1, P2Y2,
P2Y4, P2Y6, and P2Y11-P2Y14) receptorに作用するこ
とで､ EDRF､ EDCFともに遊離し､ 血管緊張性だけ
でなく血栓防止などにも重要な役割を果たす物質の一つ
である 6, 7)｡ このため､ 糖尿病時における purinergic
signalingを介した血管緊張性調節メカニズムを明らか
にし､ 新たな障害機序の解明を試みた｡ 2型糖尿病モデ
ル Goto-Kakizaki (GK) ラット(37-42 週齢)上腸間膜
動脈では対照群と比較し､ 細胞外 nucleotides (ATP､
UTP) に対する収縮反応性の増大が観察された (Fig.2)｡
これは内皮除去標本や cyclooxygenase (COX) 阻害薬､
P2Y receptor antagonistで抑制されることから､ 内皮
の P2Y-receptorを介した COX由来のプロスタノイド
が収縮反応性増大に寄与していると考えられる｡ 実際､
上腸間膜動脈において ATP､ UTP 刺激下の PGE2､
PGF2産生量の増加が糖尿病群で認められた (Fig.3)｡
プロスタノイドは phospholipase A2 (PLA2) により
細胞膜より遊離したアラキドン酸が COXにより変換さ
れるアラキドン酸カスケードより産生される｡ 生体内に
存在する種々の PLA2 分子種のうち細胞質型 PLA2
(cPLA2) の活性化は､ agonist による細胞内 Ca2+上昇
や Ser505のリン酸化により誘起される｡ しかしながら､
高血糖やインスリン､ angiotensin II (Ang II) 刺激で
も活性が誘発されるため､ 炎症病態時の関与が指摘さ






Ang II は､ 血圧調節に関与するのみならず､
superoxide産生にも関与することから､ 血管に対して
多彩な作用を示すペプチドである｡ このため種々の病態
に対する関与が指摘され､ Ang II type I receptor
blockers (ARBs) が 2 型糖尿病患者の血管機能障害に
有用であることが報告されている8)｡ そこで､ ARBであ
る losartan (25mg/kg/day; 2 week) 投与群を作成し､
細胞外 nucleotides誘発収縮反応増大に対する影響につ
いて検討した｡ その結果､ losartan投与により､ ATP､
UTP誘発収縮反応､ UTP刺激下の PGE2､ PGF2産生
量､ phospho-cPLA2 level､ COX-2 発現､ superoxide
産生の是正が認められた｡ これらの結果より､ 2 型糖
尿病時における ATP､ UTP収縮反応性の増大は内皮の
Proc. Hoshi Univ. No.55, 2013
― 20 ―
Fig. 2. Short-term (2 weeks) treatment with losartan sup-
presses nucleotide-induced contractions in GK rats. (A) and
(B) concentration-response curves for ATP-induced (A) or
UTP-induced (B) contractions in rings of mesenteric arteries
obtained from Wistar, GK, and losartan-treated GK rats.
Data are means ±SE from 8-12 experiments. *P < 0.05, the
GK group vs. the Wistar group. #P < 0.05, the losartan-
treated GK group vs. the GK group.
Fig. 3. Release of prostanoids [PGE2 (A and E), PGF2 (B
and G), 6-keto-PGF1 (a stable metabolite of prostacyclin; C
and F), and thromboxane (TX) B2 (a stable metabolite of TX
A2; D and H)] from rings of mesenteric arteries isolated from
Wistar, GK, and losartan-treated GK rats either without (A-
D) or with (E-H) stimulation by 3 ×10－4 M ATP or 10－4 M
UTP. I and J : effects of endothelial denudation or COX in-
hibitors (10－5 M Indo, 10－4 M VAS, or 10－6 M NS-398) on PG
E2 release from rings of mesenteric arteries isolated from
Wistar and GK rats upon stimulation with either 3×10－4 M
ATP (I) or 10－4 M UTP (J). Data are means ±SE from 6-12
experiments. *P < 0.05 vs. the Wistar group in (E), (G), and
(H). #P < 0.05, the losartan-treated GK group with UTP vs.
the GK group with UTP in (E) and (G). In (I) and (J), *P<
0.05 vs. the Wistar control group. #P < 0.05 vs. the GK con-
trol group. †P < 0.05 vs. the Wistar group with endothelium
denudation.




2. GKラット上腸間膜動脈における PGE2 収縮反応
性増大メカニズムの検討
続いて､ P2Y刺激時において特に産生量が増加して
いた prostanoidsの一つである prostaglandine E2 (PG
E2) に着目した｡ EDCFの一つである PGE2 は､ 糖尿
病や高血圧症など心血管病態時においてその産生が増大






NOS阻害薬 (L-NNA) 前処置下での PGE2収縮反応
性の増大が観察されたため､ PGE2収縮反応は血管平滑
筋を介した反応であると考えられる｡ 実際に､ PGE2 re-
ceptorは 4つのサブタイプ (EP1-EP4) が存在し11)､
中でも血管平滑筋細胞に存在する EP1､ EP3 receptor
を介し､ 血管収縮反応が惹起されることが報告されてい
る 12) ｡ そ こ で ､ EP1-/EP3-receptor agonist
(sulprostone) による収縮反応性 ､ 並びに EP1-




た｡ しかしながら､ EP1 receptor antagonist (sc-
19220) 存在下では､ 対照群､ 糖尿病群いずれにおいて
も PGE2並びに EP1-/EP3-receptor agonistによる収縮
反応は影響を受けなかった (Fig. 5)｡ このため､ 上腸
間膜動脈における PGE2収縮は EP3-receptorを介した
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Fig. 4. A and B : analysis of COX-1 (A) and COX-2 (B) pro-
tein expressions in mesenteric arteries from Wistar, GK, and
losartan-treated GK rats. Data are means ±SE from 6-8 ex-
periments. *P < 0.05 vs. the Wistar group. #P<0.05, the
losartan-treated GK group vs. the GK group. Top: represen-
tative Western blot is shown (The same samples were loaded
on the same gel for COX-1; COX-2, and -actin. Therefore,
the -acting loading control blot in figure appeared to be the
same.) (C) Western blots for ATP (3×10－4M)-induced or UTP
(10－4 M)-induced cPLA2 phosphorylation in mesenteri-
carteries obtained from Wistar, GK, and losartan-treated GK
rats. Ratios were calculated for the optical density of
phosphorylated (p-)cPLA2 over that of cPLA2 . Data are
means ±SE from 6 experiments. *P<0.05 vs. the corre-
sponding Wistar group. #P<0.05, the losartan-treated GK
group vs. the GK group. †P<0.05, the losartan-treated GK
group with UTP vs. the GK group with UTP.
Fig. 5 . Effects of EP1 antagonist on PGE2 -induced
vasocontraction in superior mesenteric artery rings from GK
rats. Concentration-response curves for PGE2 (A) and
sulprostone (B) in the presence of 10－4 M L-NNA or 10－4 M L-
NNA plus 10－5 M sc19220, and for PGE2 followingendothelial
denudation (C). Data, which are shown for superior mesen-
teric arteries from diabetic GK and control Wistar rats, are
means ± SE (n = 5 or 6). *P<0.05, GK vs. Wistar. #P<0.05,
Wistar vs. Wistar sc19220.†P<0.05, GK vs. GK sc19220. ‡P
<0.05, GK sc19220 vs. Wistar sc19220.
反応であり､ EP3-receptor signal が糖尿病時の収縮増
大に寄与していると考えられる｡
Protein kinase Cは収縮調節キナーゼの一つであり､
cPKC (, I, II and )､ nPKC (, , , and )､
aPKC (	, 
) の 3つのサブファミリーに分類される｡
このうち血管平滑筋収縮には､ PKC､ PKC､ PKC
が重要だと考えられている13)｡ 近年､ EP3-receptorを
介した血管平滑筋収縮反応に PKCの関与が報告され




receptor agonist刺激による PKC(Fig. 6)､ 並びに
平滑筋収縮調節因子である caldesmonの活性上昇が認
められた｡ このため､ GKラット上腸間膜動脈における
PGE2 収縮反応性の増大は､ 血管平滑筋の EP3 recep-
torを介した PKC活性増加の関与が示唆された14)｡ し




脈における extracellular nucleotides 誘発弛
緩反 応の検討
一方､ 細胞外 nucleotides は P2Y1､ P2Y2 receptor
に作用することで､ 血管弛緩反応に関与することも報告




活性調節は Ser1177､ 抑制調節は Thr495部位が担っており､
eNOS活性低下による NO産生低下が､ 糖尿病性血管
機能障害を引き起こす一因であることが報告されてい
る17)｡ そこで今回､ 糖尿病病態時における細胞外 nu-
cleotidesの弛緩反応性変化､ 特に 1 型糖尿病を長期的
に罹患した状態での細胞外 nucleotidesの血管反応の変
化について検討を行った｡ 実験には 8 週齢の雄性
Wistar ラットに streptozotocin (STZ; 65 mg/kg) を
尾静脈注射し､ 投与後 50 - 57週経過した動物 (58 - 65
週齢) を STZ誘発糖尿病ラットとして用いた｡ 対照群
と比較し糖尿病群において､ ATP誘発弛緩反応 (非選
択的 P2 agonist) は変化が認められなかったのに対し､
ADP誘発弛緩反応 (P2Y1receptor agonist) 並びに P2
Y1 receptor selective agonist (2-MeSADP) 誘発弛緩
反応は減弱が認められた (Fig. 7)｡ この ADP誘発弛
緩反応は､ 両群ともに内皮除去標本､ NOS 阻害薬 (L-
NNA) ､ P2Y1 receptor selective antagonist
(MRS2179) 処置によりほぼ完全に抑制されたことか
ら､ 内皮細胞の P2Y1-receptorを介した NO依存性の弛
緩反応であり ､ 糖尿病時このシグナルが障害
されていると考えられる｡ 実際に糖尿病群上腸間膜動脈
において､ ADP刺激時の NO代謝物産生量､ eNOSの
Ser1177部位のリン酸化タンパク発現が有意に低下してい
た (Fig. 8)｡ 興味深いことに､ 両群間において P2Y1-
receptorの発現量の変化は認められなかった｡ このた
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Fig. 6. Phosphorylation of PKCby EP3 agonist in supe-
rior mesenteric arteries from diabetic GK rats. Phospho-
PKC(Thr505) and total PKCprotein contents were as-
sessed by Western blotting in superior mesenteric artery
rings stimulated with sulprostone (10－5M), or treated with
vehicle, for 10 min. (A) Representative blots are shown for
phosphorylation of PKCat Thr505 (p-PKC) and for PKC
 in Wistar and GK arterial rings stimulated with
sulprostone or without stimulation (vehicle), in each case
in the presence of 10－4M L-NNA. Bands forphospho-PKC
(B) or total PKC(C), or for -actin, were quantified, ra-
tios being calculated for the optical density of phospho- or
total PKCover that of -actin. Data are means ± SE
from eight experiments. *P<0.05, GK vs. corresponding
Wistar.
B 
Fig. 7. P2Y1-agonist-mediated relaxation is impaired in dia-
betic superior mesenteric arteries. Concentration-response
curvesfor adenosine 5´-diphosphate sodium salt (ADP) (A),
and adenosine 5´-triphosphate disodium salt (ATP) (B).
Data, which are shown for superior mesenteric arteries from
diabetic and control rats, are means ± SE, with the number
of determinations being shown within parentheses. *P<0.05
vs. control.
め､ receptor以降のシグナル減弱が関与していると考


























誘発内皮依存性弛緩反応の減弱 (Fig. 9) 並びに､ 無















5 mLより得られる platelet poor plasma (PPP) を遠
心分離し調製した｡ 対照群より摘出した総頸動脈にMP
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Fig. 8. Phosphorylation of endothelial NO synthase (eNOS)
at Ser1177 by adenosine 5´-diphosphate sodium salt (ADP)
isreduced in superior mesenteric arteries from diabetic rats.
Phospho-eNOS (Ser1177 ) and total eNOS protein contents
were assessed by Western blotting in superior mesenteric
rings treated with ADP (3×10－6M) or vehicle (basal) for 15
min. (A) Representative blots are shown for phosphorylated
eNOS (A : Ser1177), as well as for eNOS, in control and diabeti-
carterial rings, in each case with (’ADP’) or without (’Basal’)
stimulation with ADP. (B) Bands for eNOS and-actin quan-
tified, ratios being calculated for the optical density of eNOS
over that of -actin. (C) Quantification of eNOS
phosphorylation at Ser1177 (C). Ratios were calculated for the
optical density of phosphorylated p-eNOS over that of -
actin. (D) Quantification of eNOS phosphorylation (D :
Ser1177) : y-axis shows fold increase (vs. corresponding basal).
Data are means ± SE, with the number of determinations
being shown within parentheses. *P<0.05 vs. corresponding
control.
Fig. 9. Effect of platelet on ACh-induced relaxation. Con-
centration-response curves for ACh-induced (A) or SNP-
induced (B) relaxations in rings of carotid arteries obtained
from control rats. Ordinate shows relaxation as a percentage
of phenylephrine-induced contraction. Carotid arteries were
exposed for 30 min to platelet isolated from control rats and
STZ rats. Data are means ± SE for 5 experiments. *P<0.05
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Fig. 10. Treatment with microparticles from STZ rats sup-
presses ACh-induced relaxation in rings of carotid arteries
obtained from control rats. Carotid arteries were treatment
for 24 h to microparticles isolated from control groups (+Con-
trol MP), STZ groups (+STZ MP) or vehicle.Concentration-
response curves for ACh-induced (A) or SNP-induced (B)
relaxations in rings of carotid arteries obtained from control
rats. Data are means ± SE for 3 experiments.*P< 0.05 the
control MP-treated group vs. the STZ MP-treated group.
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Effect of platelet-derived factor on vascular endothelial dysfunction in diabetic rats.
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There is growing body of evidence suggested that vascular dysfunction in diabetes cause or contribute to the etiol-
ogy of vascular complications such as nephropathy, neuropathy, and retinopathy. Although platelet activation is seen in
diabetes states, the relationship between platelet and vascular function in diabetes remains unclear. In the present
study, we investigated the effects of platelet, platelet-derived substances such as nucleotides, and platelet-derived
microparticle on vascular functions including endothelial cell and smooth muscle cell in arteries from diabetic animal
models. We found that 1) extracellular nucleotides (i.e., ATP and UTP)-induced vasoconstrictions were increased in dia-
betic arteries and these were attributable to increasing release of endothelium-derived contracting factors, 2) other nu-
cleotide ADP-induced vasodilation was impaired in diabetic arteries due to reduction of endothelial nitric oxide synthase
activity, and 3) platelet and microparticle isolated from diabetic rats led to impaired endothelium-dependent relaxation
in arteries from control rats. These findings suggested that platelet-derived factors or platelet itself could affect vascular
function in diabetic states and the regulation of platelet function may be therapeutic target in diabetes-associated vascu-
lar dysfunction.
